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活地更换电沉积镀液，获得了 Au、Ni 和 Cu 等金属原子点接触，并观察其量



















2. 制备通过环氧树脂固定的具有悬空切口金丝的弹簧钢片，引入 Notched wire 
MCBJ 方法，同时设计并搭建匹配该芯片的设备和仪器，提出了分子电导的
全景扫描方法。研究硬接触模式下分子结断裂和连结两个分过程的电导随距





晰的 BDT 分子结的二维电导-距离统计图，并观察到 BDT 分子结多个电导
特征；首次获得吩噻嗪（PTZ）类衍生物分子的电导-距离信息，同时获得其
通过酸碱调控下的较大的电导变化。 





得 PDI 分子结的单分子电导，并结合拉曼光谱测量，获得 PDI 分子在电极对
间隔这一热点内随偏振和偏压改变而改变的表面增强拉曼光谱信号。 
4. 采用电化学方法刻蚀的针尖，结合烧融退火的金球基底，发展 Tip-bead MCBJ
方法。利用针尖和金球基底在弹簧钢片上相向而对位置的摆放，下拉钢片形
成接触。成功构筑金的原子点接触以及 PDI 分子结，获得 PDI 分子结的电导
























Efficient and reliable measuring techniques are important prerequists in scientific 
discoveries, those techniques down to nanometer even single-molecule scale are direct 
characterization means to single-molecular materials and devices, which provide vital 
experimental evidences for mateials and devices designing. Nowadays, single-molecule 
electrical measuring techniques offer opportunities as Molecular Electronics to meet 
the demands of the miniaturization of the traditional silicon based microelectronics, and 
als focuses on the intrinsic physical and chemical properties of materials in single-
molecule scale. However, reliable, efficient and highly sensitive single-molecule 
electrical measuring techniques and the corresponding scientific instrument haven’t 
been fully realized, the combined characterization method to fully comprehend the 
relationship between junction structure and charge transport is still under developed. 
Besides, the relatively expensive and complicated instruments and methods heighten 
the threshold for wider application. Based on those above, reliable molecular junction 
fabrication and characterization methods are urgently needed for better promoting 
molecular electronics and single-molecule science. 
After a thorough survey and comparison of former results, we considered that the 
Mechanically Controllable Break Junction (MCBJ) method has great advantages in 
molecular electronics. Therefore, this thesis adopted MCBJ method by 
methodologically applying multiple means to design and prepare different types of 
MCBJ chips and their corresponding setups for different purposes, then fabricated 
different kinds of molecular junction and characterized them by electronic and 
spectroscopic methods. Detailed research contents and main accomplishments are 
shown as follows: 
1. We developed a novel and cheap method combined electrochemical deposition 
MCBJ method (EC-MCBJ). We used micro-fabrication to prepare suspended 
micro-scale electrode pair first, then connected the pair by chronopotentiometric 

















fabricating metal atomic point contacts and molecular junctions. By changing 
electrolyte solution flexibly, we succeeded to make Au, Ni and Cu atomic point 
contacts and observed the corresponding quantum conductances. Then we were 
successful to measure several target molecular conductance and I-V property by 
gold electrodes, such as BDT, Ruthenium molecular wire and DMAB. 
2. Adopting low-cost suspended notched gold wire on spring steel plate, we used 
notched-wire MCBJ method. From methodological view, we proposed a 
panoramic scanning method for single molecular conductance measurement to get 
fully conductance evolution without the influence of snap-back effect, by focusing 
the different opening and closing processes when molecular junction broke and 
formed, and realized the soft-contact mode measurement by MCBJ. We fully 
obtained the conductance evolution as the electrodes gap changes of OAE series 
with different length, and investigated the competitive contribution between direct 
tunneling and through molecular tunneling, then used ,-alkanedithiol molecule 
to evaluate and predict this mutual contribution. For the first time, we obtained 
clear cloud of conductance plateau of BDT junction in 2D conductance-distance 
histogram, and observed multiple conductance features. For the first time, we 
measured the conductance of the phenothiazine centered derivative molecule and 
its conductance responses after acidification then alkalization. 
3. Using nano-lithographic MCBJ method by electron-beam lithography (EBL), we 
succeeded in aligning suspended nanobridge on pre-fabricated micro-scale 
electrodes pair to gained more stable nanogaps, and made throughly structural 
mechanical simulation and analysis, proposed a new chip fixation scenario and 
equation of reduction ratio. Then we were able to fabricate and measure PDI 
molecular junction and its surface-enhanced Raman signal, and investigated the 
position, polarization and bias dependent SERS. 
4. We proposed the tip-bead MCBJ method by using electrochemically etched gold 

















and PDI molecular junction. At the same time, we measured the PDI conductance 
and the combined SERS signal. 
5. At last, a MCBJ-SERS combined characterization system which is capable under 
ultra-high vacuum and cryogenic condition has been designed and made. This 
instrument is named as UHV/LT-MCBJ-SERS system, and it provides an advanced 
platform for molecular electronics to minimized the influence of measuring 
environment for better characterization. The UHV and low temperature 
environment has been obtained preliminarily. 
 
Keywords: Molecular Electronics; MCBJ; Molecular junction; Molecular 



















第一章 绪 论 
 
1946 年，世界上第一台通用电子计算机 ENIAC 在美国诞生，它是一个使用
了 17468 只电子管、7200 只电阻、10000 只电容，耗电达 150 千瓦的占地 150 平
米重 30 吨的庞然大物。尽管它具有划时代的意义，能够在短时间内解决当时人
工难以解决的大量数学运算，然而真空电子管耗能大，制造工艺复杂，体积笨重，
制约了电子计算机小型化、实用化的发展。1947 年，美国贝尔实验室的 John 




制备硅晶体管。随后的 1958 年和 1959 年，美国德州仪器公司的工程师 Jack Kilby











主任的 Gordon Moore 为《Electronics》杂志撰写的观察评论报告中，被总结为“集
成电路芯片上单位面积的晶体管数目在每一次技术改进中（约 12 个月）将翻一
番[1]”，即为摩尔定律（Moore’s Law）。随后在 1975 年，已成为英特尔公司联


















算机 CPU 中晶体管集成数目，在 40 年间已扩增了百万倍，如 Figure 1-1 所示。 
 
Figure 1-1. A plot of CPU transistor counts against dates of introduction; note the 
logarithmic vertical scale; the line corresponds to exponential growth with transistor 




英特尔原计划于 2016 年推出元器件最小尺寸为 10 nm 的 Cannon Lake 处理器，
然而今年只能继续采用 14 nm 工艺，前者则预计需要到 2017 年下半年，集成度
翻一番的周期延长到了 36 个月，更不用提尺寸继续缩小所带来的热耗散、量子
效应、强电场、耗尽区减小等一系列难以避免的问题。近期，《Nature》杂志的
封面文章提出，即将于今年 3 月份出版的国际半导体技术路线图（International 
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